1. Background {#s0005}
=============

Although prevalence rates for cocaine misuse and cocaine dependence remain unclear, the lifetime prevalence of cocaine use has almost doubled in the Swiss general population (among those ages 15--34 years old) over the past fourteen years ([@bb0080]). This is consistent with findings in many other countries in Southern and Western Europe ([@bb0065]). However, the prevalence of cocaine use might be underestimated in general population surveys ([@bb0005]; [@bb0070]). One indication of this stems from wastewater analysis, inferring that cocaine use doubled in most major cities in Switzerland between 2012 and 2017 [@bb0060]). Another indication is that, since 2005, cocaine has been reported as the primary substance problem roughly as often as opiates, upon client entry into resident institutions and outpatient units targeting the treatment of substance use disorders (SUDs) ([@bb0115]). It is assumed that the occasional use of cocaine is much more prevalent than addictive use. Nevertheless, some occasional cocaine users switch to more harmful consumption, misuse and abuse ([@bb0095]). Ultimately, and although serious investigations are missing in Switzerland, as well as in other European countries, there must be a sizeable treatment gap in cocaine misusers/abusers.

Outpatient treatment grounded in *Cognitive Behavioral Therapy* (CBT) has been effective at treating cocaine dependence ([@bb0050]), while intense research on psychopharmacological approaches over the past three decades has failed to identify any compelling evidence of effective medicinal treatments ([@bb0100]; [@bb0130]; [@bb0200]). Moreover, certain effective psycho-social interventions, which reward cocaine abstinence --- like *Contingency Management* and the *Community Reinforcement Approach* --- hardly seem feasible in European countries, due to healthcare policies and health insurance-related differences ([@bb0160]; [@bb0155]). Despite the apparent effectiveness of CBT, however, only a small percentage of such individuals currently receive treatment ([@bb0095]).

Web-based interventions that aim to reduce harmful cocaine use might fill an important gap, by providing support for cocaine misusers and those with early dependence who have not responded well to current institution-based treatment. The Internet is a useful tool to reach hidden populations, like illicit drug users ([@bb0125]). Furthermore, web-based interventions are easy to access and exhibit a remarkably-positive cost-benefit relationship ([@bb0045]), which is an important advantage.

In the first meta-analysis investigating the pooled effectiveness of internet interventions for illicit drug use (excluding cannabis), interventions designed to reduce cocaine and/or amphetamine use were, overall, not significantly better than the control conditions adopted for comparison (*n* = 481, *p* = 0.164) ([@bb0030]). Those studies that did yield an effective decrease in cocaine use involved internet-based community reinforcement, in addition to face-to-face counseling among patients receiving community-based treatment ([@bb0035]); or internet-based CBT plus face-to-face CBT in a methadone maintenance program ([@bb0040]), combined with frequent urinalysis. However, web-based interventions designed to reduce stimulant drug use in individuals recruited from the general population, without being an add-on to face-to-face treatment and not involving urinalysis, generated mixed results ([@bb0170]; [@bb2010]).

To the best of our knowledge, no study to date has investigated the effectiveness of a guided internet-based intervention --- whereby participants receive additional online counseling or therapy, or web-based self-help --- for the reduction or cessation of cocaine use. Such an intervention could provide better anonymity, while potentially being more effective than an internet intervention involving self-help only. The latter is consistent with results from studies investigating web-based interventions aiming to reduce alcohol ([@bb0015]; [@bb0140]) and cannabis use ([@bb0175]; [@bb0185]) in alcohol and cannabis misusers, respectively, in which superior effects were identified for guided interventions.

The present study aimed to investigate and compare the effectiveness of *Snow Control 2.0* ([@bb0180]) -- a web-based self-help intervention with or without tailored chat counseling -- at reducing cocaine use in cocaine misusers and those with early cocaine dependence, relative to a six-month waiting list control condition.

2. Methods {#s0010}
==========

2.1. Study interventions {#s0015}
------------------------

This study had three subject groups, two involving an intervention, and a third, control group. The first intervention (Intervention Group 1) consisted of up to three individual chat-counseling sessions, plus the web-based self-help intervention detailed in the next few paragraphs. The second intervention (Intervention Group 2) was the same as the first, but without chat-counseling sessions. The third group was a waiting list control group (Controls).

2.2. Self-help intervention (Interventions 1 and 2) {#s0020}
---------------------------------------------------

The web-based self-help intervention that we offered in this study was a 2015 revision (2.0) of the original Snow Control program developed in 2011 ([@bb0165]). It is grounded in classical CBT for treating cocaine dependence ([@bb0135]), *behavioral self-management* (BSM) ([@bb0120]), *motivational enhancement techniques* (MET) ([@bb0120]), CBT for depression ([@bb0110]), and social problem solving ([@bb0055]). It has four main components:•Psychoeducation modules•Personal companions (as part of the modules)•A consumption diary, and•Automated e-mail feedback.

Additionally, the website contains a glossary, a knowledge base, a "Help Me" section, and a contact page.

2.3. Modules {#s0025}
------------

The self-help intervention starts with an introductory module (module 0). Upon completion of the introductory module, users are provided with an overview of eight modules (see [Fig. 1](#f0005){ref-type="fig"}) and encouraged to work through 1--2 modules per week, at their own pace; preferably in the order in which the modules are presented. Each module consists of a set of pages that can be navigated backwards and forwards. The user is free to enter and leave any module as they wish, and provided with the last page visited upon re-entry. Overall progress within each module is shown as a progress bar on the module overview page, as depicted below.Fig. 1Screenshot of the module overview page.Fig. 1

Brief descriptions of the nine modules:0.Introductory Module•Introduction to a personal companion (users are presented with six companion profiles and asked to select one)•Examination of the pros and cons of changing cocaine consumption patterns to address motivation•Goal setting and introduction to e-mail reminders•Introduction to the menu item "consumption diary" and its fully-automated progress charts and statistics•Introduction to the menu item "My Inputs", where individuals can review their acquired module documents (e.g., a list of the top five strategies for managing cocaine cravings)•Introduction to the menu item "Help Me" for immediate advice to common problems and access to emergency contacts1.Module 1: Strategies for goal achievement2.Module 2: Identifying risky situations3.Module 3: Meeting your needs4.Module 4: Cravings5.Module 5: Dealing with slips6.Module 6: Tackling problems7.Module 7: Be clear (say no)8.Module 8: Maintaining success

2.4. Personal companion {#s0030}
-----------------------

At the beginning of the introductory module, six companions are introduced briefly. Users are asked to choose one virtual companion with whom they, themselves, best identify. The six provided companions vary in their gender, age, sexual orientation, family status, and professional circumstances, to maximize the likelihood that users can find one with whom they can relate. In each module, the personal companion may provide specific advice or examples of useful intervention strategies. Furthermore, users may alternate between different personal companions to gather additional advice and examples.

2.5. Consumption diary {#s0035}
----------------------

The consumption diary allows users to set goals and monitor their achievements. They enter both their *intended* consumption (for the upcoming week) and *actual* consumption (over the previous week) for each day. They are sent weekly reminders to fill out their diary by automated e-mails. A graph shows their progress over time. When diaries are filled out on a weekly basis, users receive two types of automatic feedback: one instantaneously in the website diary, and a second later by e-mail.

The first type of feedback, within the diary, compares their last week\'s intended and actual cocaine use. If they met their goal, this was considered a success and positive feedback (congratulations) was displayed. If they fell short of their goal, this was considered a failure and compassionate feedback was displayed. Feedback also included an automatic assessment of how ambitious their goal was, based upon the percentage they planned to reduce their consumption, with a \< 10% reduction labelled "very moderate", 10%--20% "moderate", 20%--30% "standard", 30%--50% ambitious" and over 50% "very ambitious". A suggested percentage reduction for the next week\'s goal was calculated, as either a moderate (10%--20%) or standard (20%--30%) reduction. *Moderate reductions* were suggested to users who previously had set themselves *moderate goals and failed*, and to users with *very moderate goals* (whether they had previously failed or succeeded). *Standard reductions* were suggested to users who had previously set themselves *moderate goals and succeeded*, and to those with *ambitious* or *very ambitious* goals (whether they had previously failed or succeeded).

The second type of feedback was provided, via e-mail, at some time after users had filled in their last week\'s consumption data. It consisted of brief positive, neutral or compassionate motivational feedback, depending on whether their cocaine use had reduced, stagnated or increased, from a pool of 3 × 6 different messages.

Another diary feature was the overall end goal, which was set by users during their first week. Users were encouraged (and technically required) to target at least a 40% reduction in weekly cocaine use over the course of the six-week intervention. This was done to decrease the likelihood that users would set their goal at zero (abstinence) and quit after reaching it within the first few weeks, as frequently occurred in the preliminary *Snow Control* study ([@bb0170]); and to prevent users from setting unduly-modest goals and risking early relapse. Those who sought to achieve cocaine abstinence were encouraged to make similar step-by-step reductions until full abstinence was attained. To avoid severe withdrawal symptoms and potential health risks, abrupt cocaine abstinence was not recommended, contrary to the "cold turkey" technique frequently employed to quit cigarette smoking or chewing tobacco ([@bb0020]). Once users achieved their overall goal, they were encouraged to maintain their reduced cocaine use or abstinence, or to further reduce their use successively through week 6.

2.6. Automated e-mails {#s0040}
----------------------

Four types of automated e-mail were sent:•Diary feedback (described above)•Weekly guidance e-mails (roughly 100 words each for motivation)•Reminder e-mails, reminding users to fill out their diary (repeated once, two days later, if the diary remained uncompleted)•Reminder e-mails, reminding users to complete the follow-up survey

All texts addressed users personally through their username, were sent via <webmaster@snowcontrol.ch>, and were signed impersonally by the "SNOW Control Team".

2.7. Chat-counseling sessions (Intervention 1 only) {#s0045}
---------------------------------------------------

Chat-counseling sessions were conducted on the website within a frame at the bottom right corner of the page and scheduled for half an hour each. All written exchanges were recorded for later analysis.

Up to three chat-counseling sessions were initiated, by email, by trained professional therapists, intended to support behavioral changes through MET. Users could discuss the web-based self-help intervention modules and review progress in their consumption diary. Chat-counseling sessions also were used to foster and review socially-rewarding contacts. A more detailed description of the training of the professional therapists and chat-counseling procedures can be found in the study protocol, published elsewhere ([@bb0180]).

2.8. Technical specifications {#s0050}
-----------------------------

Snow Control 2.0 is an SSL-encrypted website based on Drupal 7 (a content management system) with a responsive design for computer screens, tablets and smartphones. Any internet user can register an online account via [www.snowcontrol.ch](http://www.snowcontrol.ch){#ir0010} by providing a unique username and e-mail address. Registration is not complete until a verification e-mail link has been clicked and a personal password set.

All user data were acquired via the website and hosted on professionally-managed servers in Switzerland, with ISO27001-certified security regulations. Access to user data was restricted to password-protected accounts. During the trial, security updates were implemented, and minor spelling errors and technical problems fixed.

2.9. Ethics review and data protection {#s0055}
--------------------------------------

This RCT was executed in compliance with the Helsinki Declaration and approved by the Canton of Zurich Ethics Committee on February 2, 2015 (KEK-ZH-No. 2014-0611). A separate data protection page, the link to which is always visible, provides information about the following: 1) how Snow Control 2.0 adheres to the Swiss Data Protection Law; 2) the extensive use of cookies and the option to disallow them; 3) an explanation about server log-files and confirmation that IP addresses will never combined with any other data that are assessed during participation; and 4) the nonuse of any third party interfaces, like analytical tracking software, social plugins of third parties, etc.

2.10. Subject recruitment {#s0060}
-------------------------

The study population was recruited through the revised *Snow Control 2.0* website, to which a promotional link was provided on several websites of local outpatient treatment centers, and websites with nightlife prevention offers. In addition, advertisements were placed in Internet-forums and newspapers. As an incentive, we offered, to all participants who filled out all assessments, a 40 Euro online voucher and participation in a lottery for a 400 Euro online voucher, with the option of donating the corresponding value to a charitable organization.

2.11. Inclusion/exclusion criteria and rationale {#s0065}
------------------------------------------------

For all inclusion and exclusion criteria (see [Table 1](#t0005){ref-type="table"}), we relied on study participants\' self-reported data.Table 1Inclusion and exclusion criteria.Table 1Inclusion criteriaRationaleMinimal age of 18 yearsTo ensure a minimal age of participationCocaine use \>2 occasions over the last 30 daysTo also include occasional users and expand study validityExclusion criteriaRationaleParticipation in other psycho-social or pharmacological treatments for the reduction/cessation of cocaine useTo avoid confounding treatment effectsOpioid use over the past 30 days (exception: substitution maintenance treatment for opioid dependence without heroin use)To avoid confounding drug effectsPrior treatment for cardiovascular problems or apoplexyTo prevent subjects with these health problems from entering the study

2.12. Consent procedure and registration {#s0070}
----------------------------------------

The entire informed consent and registration procedure could be fully self-administered. The website explained the study\'s rationale and informed potential users about the following: (1) study inclusion and exclusion criteria (see [Table 1](#t0005){ref-type="table"}); (2) the three different study arms and how each participant had an equal chance of being assigned to any one of them; (3) potential risks of participation; (4) safety arrangements in place, both during and after the study; (5) the inability of Snow Control (with or without chat counseling) to replace face-to-face therapy for problematic cocaine use; and (6) circumstances that would require them to contact their general practitioner or another medical professional. Weekly access to the internet and a certain level of internet literacy was recommended, but not a strict requirement. Moreover, an emergency list was introduced and made accessible throughout the intervention via the menu item "Help Me". Study participants also were informed that the Canton of Zurich Ethics Committee had approved the study. Furthermore, participants were informed about their right to withdraw from the study at any time without negative consequences, except for the loss of study compensation. After this information was provided, they were directed to the user registration page, where they needed to tick boxes to give informed consent and confirm that they fulfilled all inclusion and exclusion criteria. The entire baseline assessment was web-based and self-administered. Participants who claimed to fulfill the inclusion/exclusion criteria at registration, but then were found not to satisfy them completely, on baseline assessment, still were automatically considered study participants; but, later, during the data analysis phase, the were manually eliminated from the data pool. Completion of the baseline assessment triggered a subject\'s random assignment and set their study start time.

2.13. Randomization and group allocation {#s0075}
----------------------------------------

After the baseline assessment, participants were randomly assigned, in approximately a 1:1:1 ratio, to one of the three study arms. As we offered full transparency in all three study arms, we anticipated that some participants might decide to register another account, in an effort to change their assignment and access a different study arm. In such cases, the participant remained in their initially-assigned study arm for the remainder of the day, based upon his or her IP address.

2.14. Power calculation {#s0080}
-----------------------

We expected small-to-medium effect sizes of at least 0.30 (Cohen\'s d) between t0 and t2, when we compared the reduction of the amount of cocaine used by participants in intervention group 2 (web-based self-help intervention without chat counseling) against waiting list controls. When we compared intervention group 1 and the waiting list controls, we expected to the reduction of cocaine use in this active group to, if anything, be slightly higher than in intervention group 2; as such, we considered the former comparison to be more relevant, and based our sample size estimate on it. A sample size of *n* = 144 in each study group was expected to generate 95% confidence and 80% power (F-test, df = 2, α = 5%) to detect this difference, based upon calculations. Thus, we aimed to recruit a total of 432 (3 × 144) study participants overall ([@bb0180]).

2.15. Trial flow {#s0085}
----------------

[Fig. 2](#f0010){ref-type="fig"} provides an overview of the trial\'s flow. If participants successfully completed the baseline assessment (t0), they were randomly assigned to one of the three study arms and informed accordingly (no blinding). Subjects in study arms 1 and 2 were started on the introductory module, while controls (arm 3) were informed that they would be placed on a waiting list and given access to the web-based self-help intervention in six months.Fig. 2CONSORT-EHEALTH trial flowchart: overview of participant flow.Fig. 2

The follow-up assessments at t1 and t2 were performed in three steps: As the first step, participants received an automatic email with an invitation to either the 6-week (t1) or 6-month (t2) follow-up assessment, each also announcing either the end of the program or study, respectively. If participants failed to fill out either of the web-based assessments after three reminders, as a second step they were contacted via a pre-announcement SMS and subsequent telephone call to be interviewed by study collaborators. Study collaborators tried this up to four times. Only participants who could not be reached after a minimum of four times were considered non-responders. If participants were reached, but refused the telephone interview, as a third step, they were offered an interview limited to the primary outcome only. If they also refused this and had not completed their questionnaire on-line in the interim, they were considered an "active refuser".

2.16. Outcome measures {#s0090}
----------------------

All outcomes were measured via web-based questionnaires that had not explicitly been validated for online use. Some questionnaires were mandatory (see [Table 2](#t0010){ref-type="table"}), which means that the participant could not proceed without responding to all questions. None of the responses could be edited or re-submitted by users after their initial entry.Table 2Overview of measurements and instruments.Table 2Assessments/instrumentsBaseline6-week follow-up6-month follow-upMandatory^3^Socio-demographicsxYesQuantity of cocaine use^1)^xxxYesPast 7 days cocaine usexxxYesCocaine-free days^1)^xxxYesSeverity of Dependence Scale (SDS)xxxYesFDAxxxNoMental Health Inventory (MHI-5)xxNoAdult Self-Report Scale (ASRS)xNoWorking Alliance Inventory (WAI-SR^2)^)xNoClient Satisfaction Questionnaire (CSQ-4)xNo[^1][^2][^3]

The primary outcome measure was the weekly quantity of cocaine used, in grams, which is considered a novel measure for this type of intervention in problematic cocaine users ([@bb0145]). In addition, the following secondary outcome measures were assessed: (1) the number of days on which cocaine was used over the past 30 days, calculated using the timeline follow-back assessment ([@bb0145]); (2) *Severity of Dependence Scale* (SDS), a 5-item questionnaire that provides a score indicating one\'s severity of cocaine dependence ([@bb0085]); (3) *Substance History Questionnaire* (German: *Fragebogen Substanzanamnese*, FDA), to ascertain the individual subject\'s lifetime and past-month frequency of use and patterns of use, in accordance with the ICD-10; this measure was derived from the *European Addiction Severity Index* (EuropeASI) ([@bb0090]); (4) short version of the *Mental Health Inventory* (MHI-5) ([@bb0150]) to assess recent mental distress and self-diagnosed depression; (5) *Adult Self-Report Scale* (ASRS), an adult self-screening questionnaire for attention deficit hyper-activity disorder (ADHD) ([@bb0105]); (6) *Working Alliance Inventory* (WAI-SR), a 12-item self-report questionnaire that consists of three subscales initially designed to assess the working alliance between a patient and therapist ([@bb0215]); in the current study, its composite score was used as a global measurement of working alliance; and (7) client satisfaction with the intervention, investigated using the *Client Satisfaction Questionnaire* (CSQ-4), a brief, user-friendly instrument that has been tested in numerous studies with diverse client samples ([@bb0195]). For a complete list of these measurements and instruments, see [Table 2](#t0010){ref-type="table"}.

Further markers were created for study arms 1 and 2. *Retention* was assessed as the percentage of days on which the consumption diary was filled out; and *participation* in the self-help intervention, as the number of completed modules or extent of progression through each module. Further measurement details can be found in the study protocol ([@bb0180]).

2.17. Data analysis {#s0095}
-------------------

Data were initially examined for outliers. Then, baseline differences were identified between participants in the three study arms by Pearson chi-square analysis for categorical variables, and by analysis of variance (ANOVA) for continuous variables. The same tests were applied to examine whether participants who answered the 6-month follow-up questionnaires differed from those who were lost to follow-up.

Due to our low follow-up rates, which made reliable multiple imputations impossible, we abandoned our a priori decision to conduct intention-to-treat (ITT) analyses, electing to proceed solely employing complete case analyses and, again deviating from our study protocol ([@bb0180]), to additionally analyze the data available at 6 weeks (intervention completion), where low follow-up rates had already crystallized.

First, we conducted Generalized Estimating Equation (GEE) analyses to investigate longitudinal changes in primary and secondary outcomes over the study period of six months. Next, we computed differences between the baseline and follow-up assessments for primary and secondary outcome variables, and assessed for differences between study arms using linear regression models. In all models, we included the corresponding baseline variables as a control variable. Results with a Type I error rate of *p* \< 0.05 during two-sided tests were considered statistically significant.

Finally, we compared treatment participation (percentage of module completion), treatment retention (proportion of days diary filled out), and client satisfaction for study arms 1 and 2 using chi-square analysis and *t*-tests at week 6.

All analyses were performed using the statistical software programs SPSS version 22 and R version 3.3.

3. Results {#s0100}
==========

3.1. Study participation {#s0105}
------------------------

Recruitment had to be stopped without reaching the target sample size of 432 ([@bb0180]), as the third-party funding was depleted and the maximal project time afforded by the funding organization ended. The progression of study participants is depicted in [Fig. 2](#f0010){ref-type="fig"}. Between October 2015 and 2017, a total of 416 users registered an online account. Of these,

311 (74.8%) successfully confirmed their email address, completed the baseline assessment, and were eligible for study participation. They were randomly allocated to one of the three study arms.

However, the 6-week and 6-month follow-up assessments were completed by only 44 (14.1%) and 47 (15.1%) of the participants, respectively, despite the three-step assessment procedure. By study arm, 22 (19.3%) participants in the intervention group with chat, 13 (12.0%) in the intervention group without chat, and nine (10.1%) controls completed the 6-week assessment. The follow-up rates for the 6-month assessment were similarly low: just 16 (14.0%) respondents in study arm 1, 15 (12.8%) in study arm 2, and 16 (17.9%) in study arm 3.

3.2. Participants\' baseline characteristics {#s0110}
--------------------------------------------

Participants\' baseline characteristics are summarized in [Table 3](#t0015){ref-type="table"}. Subjects were predominantly male (73%) and averaged 33 years old (*SD* = 7.6). Overall, 93.3% screened higher than the cut-off ≥3 on the SDS-scale for cocaine dependence, and 69.9% indicated at least one occasion of risky alcohol use within the past 30 days, defined as the consumption of five or more standard drinks. In addition, 83.4% screened positive for clinically-relevant depressive symptoms on the MHI-5 (\<70), and 34.4% for adult ADHD at baseline on the ASRS. The only significant difference between the three study arms was detected for gender (*Χ*^2^~2~ = 7.740, *P* = 0.02), with both intervention groups tending to have a greater percentage of male participants than the control group ([Table 3](#t0015){ref-type="table"}).Table 3Baseline characteristics of participants.Table 3CharacteristicsIntervention 1\
(Chat and self-help)\
(*n* = 114)Intervention 2 (Self-help only)\
(*n* = 108)Control group (Waiting list) (*n* = 89)Total\
(*n* = 311)test valuePSex, n (%)X^2^~2~ = 7.7400.02 Female30 (26.3)21 (19.4)33 (37.1)84 (27) Male84 (73.7)87 (80.6)56 (62.9)227 (73)Age in years, M (SD)33.5 (8.1)33.3 (7.4)32.3 (7.2)33.1 (7.6)F^2^ = 0.6790.51Age range, n (%)X^2^~8~ = 4.962 (*n* = 310)0.76 ≤20 years7 (6.2)4 (3.7)6 (6.7)17 (5.5) 21--25 years10 (8.8)11 (10.2)8 (9)29 (9.3) 26--30 years24 (21.2)20 (18.5)23 (25.8)73 (21.7) 31--35 years28 (24.8)32 (29.6)27 (30.3)95 (28.2) 36+ years44 (38.9)41 (38)25 (28.1)117 (34.7)Highest education, n (%)X^2^~8~ = 9.2760.32 Primary school6 (5.5)7 (6.6)9 (10.2)22 (7.3) Apprenticeship43 (39.4)53 (50)30 (34.1)126 (41.6) Secondary school13 (11.9)10 (9.4)16 (18.2)39 (12.9) Technical college27 (24.8)23 (21.7)19 (21.6)69 (22.8) University20 (18.3)13 (12.3)14 (15.9)47 (15.5)Origin, n (%) Canton of Zurich48 (42.1)30 (27.8)36 (40.4)114 (36.7)X^2^~6~ = 10.4210.11 Other Cantons46 (40.4)60 (55.6)44 (49.4)150 (48.2) Germany17 (14.9)17 (15.7)9 (10.1)43 (13.8) Other countries3 (2.6)1 (0.9)0 (0)4 (1.3)SDS^a^, M (SD)8.3 (2.6)8.2 (2.7)8.7 (2.7)8.4 (2.7)F^2^ = 0.9180.40Weekly quantity of cocaine use, in grams, M (SD)3.5 (3.4)4.0 (3.6)4.1 (3.7)3.8 (3.5)F^2^ = 0.8900.41Days of cocaine use over past 30 days, n (%)11.7 (7.9)11.9 (7.8)13.3 (8.2)12.2 (7.9)F^2^ = 1.0850.34Number of years of cocaine use, M (SD)6.6 (5.4)7.1 (6.3)6.9 (6.3)6.9 (5.9)F^2^ = 0.170 (*n* = 300)0.84Days of other substance use over past 30 days, M (SD) Risky alcohol use^b^8.2 (8.8)6.6 (7.9)6.6 (8.2)7.2 (8.3)F^2^ = 0.903 (*n* = 215)0.41 Cannabinoids6.1 (9.9)6.3 (10.5)7.9 (11.3)6.6 (10.5)F^2^ = 0.572 (*n* = 207)0.57 Amphetamines0.9 (2.3)2.1 (4.9)2.6 (6.9)1.9 (4.9)F^2^ = 2.003 (*n* = 206)0.14 Relaxants2.7 (7.4)2.5 (8.5)0.9 (4.6)2.2 (7.2)F^2^ = 0.967 (*n* = 179)0.38 Hallucinogens0.1 (0.2)0.2 (0.5)0.2 (0.9)0.1 (0.6)F^2^ = 0.938 (*n* = 176)0.39 Heroin0.5 (3.8)0.0 (0.1)0 (0)0.2 (2.3)F^2^ = 1.016 (n = 176)0.36 Methadone0 (0)0.5 (3.7)0.6 (4.3)0.4 (3.2)F^2^ = 0.578 (*n* = 174)0.56MHI-5^c^, M (SD)49.4 (18.7)50.5 (17.1)49.4 (18.8)49.8 (18.1)F^2^ = 0.1300.88ADHD^d^, n (%)40 (25.4)32 (31.1)34 (40.5)106 (35.3)X^2^~2~ = 1.7930.41[^4]

3.3. Intervention attrition, participation, retention and satisfaction {#s0115}
----------------------------------------------------------------------

There were no systematic differences with respect to baseline characteristics in participants who responded at follow-up and those who failed to respond to follow-up across the three study arms. Concerning intervention participation (module completion rate), there were differences between Intervention Group 1 (self-help with chat) and Intervention Group 2 (self-help without chat). As [Fig. 3](#f0015){ref-type="fig"} depicts, module completion rates were higher for participants receiving intervention 1 than 2, despite the introduction and module 1 (Strategies for goal achievement). Participants in Intervention Group 1 not only completed more modules (M = 3.43, SD = 2.80 versus M = 2.71, SD = 2.44), they also read a larger proportion of the modules that they did not complete, relative to participants in the other intervention group ([Fig. 3](#f0015){ref-type="fig"}). In addition, they exhibited significantly-higher intervention retention (*t*~*220*~ = 2.514, *P* \< 0.00), filling out their diary on 29.4% of days, versus just 18.9% in Intervention Group 2. Out of 114 participants who partook of intervention 1 and were offered chat counseling, 37 (32.5%) participated in one or more chat-counseling sessions. They seemed particularly motivated, relative to those who were offered chat options but did not use them, completing significantly more modules (M = 5.35, SD = 2.63, *N* = 37 versus M = 2.51, SD = 2.39, *N* = 77; *t*~112~ = −5.756, *P* \< 0.00), and responding significantly more (*t*~*112*~ = 5.713, *P* \< 0.00) at follow-up assessment (37.8%) than those in Intervention Group 1 who did not book a chat appointment (2.6%); however, they did not differ in any of the other assessed variables, including retention rate (t~112~ = 8.347, *P* = 0.14).Fig. 3Module completion rate (yes vs. no) for intervention 1 (self-help with chat) and intervention 2 (self-help without chat).Fig. 3

Overall, the number of modules completed was associated with the number of cocaine-use days at baseline. Participants in Intervention Groups 1 and 2 who reported fewer baseline-use days, completed slightly more modules than those who reported more use days at baseline (*t*~307~ = 1.904, *P* = 0.048).

Concerning satisfaction with the intervention, as measured using the CSQ-4, there were no differences between participants who were offered chat counseling and those offered self-help only (complete case analysis, CCA: *t*~22~ = 0.252, *P* = 0.80).

3.4. Main outcome {#s0120}
-----------------

[Fig. 4](#f0020){ref-type="fig"} depicts the mean quantity of cocaine used per week (main outcome) and [Fig. 5](#f0025){ref-type="fig"} the mean numbers of cocaine use days per week, both based on CCA. Within all three study arms, there were significant reductions in the quantity of cocaine use over time ([Table 4](#t0020){ref-type="table"}). However, frequency of cocaine use only decreased significantly in the two intervention groups and not in controls ([Table 4](#t0020){ref-type="table"}). There were no significant differences in the magnitude of change in the quantity of cocaine use per week between any of the three study arms, either between baseline and 6-week follow-up, or between baseline and 6-month follow-up ([Table 5](#t0025){ref-type="table"}).Fig. 4Weekly quantity of cocaine use, in grams, according to baseline, consumption diary and follow-up estimates for all three study arms, based on complete case analysis.Fig. 4Fig. 5Cocaine use days per week, according to baseline, consumption diary and follow-up estimates for all three study arms, based complete case analysis.Fig. 5Table 4Number of participants and mean and standard deviation changes in primary and secondary outcomes between baseline, 6-week and 6-month follow-up (complete case analysis).Table 4Intervention 1Intervention 2Control group(Chat and self-help)(self-help only)(waiting list)Baseline n = 1146 weeks\
*n* = 226 months *n* = 16PBaseline n = 1086 weeks\
*n* = 136 months\
*n* = 15PBaseline\
n = 896 weeks\
*n* = 96 months\
n = 16PWeekly quantity of cocaine use, in grams *M* (*SD*)3.47 (3.38)0.35 (0.57)0.85 (1.04)\<0.0014.00 (3.59)1.43 (2.23)1.23 (2.18)\<0.0014.06 (3.68)2.33 (2.35)2.94 (4.80)\<0.001Frequency of cocaine use in days per month *M* (*SD*)11.67 (7.94)4.36 (5.89)3.00 (2.80)\<0.00111.97 (7.80)7.38 (7.64)3.03 (4.18)\<0.00113.26 (8.17)12.56 (10.67)11.00 (10.70)0.67SDS [a](#tf0005){ref-type="table-fn"} (Range 0--15) *M* (*SD*)8.32 (2.57)6.26 (2.88)5.93 (3.22)\<0.0018.22 (2.71)6.21 (2.72)5.50 (2.73)\<0.0018.72 (2.76)7.47 (2.96)8.33 (3.39)0.21MHI-5[b](#tf0010){ref-type="table-fn"}*M* (*SD*)49.43 (18.70)--55.33 (19.71)0.0350.53 (17.06)--45.13 (20.84)0.6149.37 (18.86)--39.13 (16.75)0.72Alcohol use days, last 30 days *M* (*SD*)13.29 (16.59)9.39 (6.01)4.30 (5.19)\<0.00112.75 (8.81)7.79 (7.98)6.50 (8.12)0.00311.84 (8.60)9.50 (9.73)8.00 (3.69)0.048Alcohol use days, last 30 days (risky ^c^) *M* (*SD*)8.20 (8.80)2.74 (3.68)1.40 (3.27)\<0.0016.60 (7.94)3.63 (6.25)3.38 (5.97)0.046.59 (8.23)6.56 (9.25)2.86 (3.98)0.11[^5][^6][^7]Table 5Intervention effects for primary and secondary outcomes based on complete case analysis between baseline (T1), 6-week (T2) and 6-month (T3) follow-up.Table 5T1-T2T1-T3Mean ^a^P ^b^d^c^95% CIMean^a^P ^b^d^c^95% CISelf-help with chat (n = 114) vs. self-help without chat (n = 108) Quantity of cocaine use−1.02−0.37−1.06--0.34−2.23−0.74−1.46--0.02 Frequency of cocaine use−3.19−0.63−1.32--0.08−1.34−0.18−0.88--0.53 SDS0.070.03−0.56--0.61−0.71−0.23−0.93--0.48 MHI-5--------13.400.65−0.09--1.36 Alcohol use days, last 30 days4.700.0470.660.00--1.30−0.88−0.14−1.11--0.85Alcohol use days, last 30 days (risky)−1.20−0.18−0.86--0.510.240.08−1.02--1.16Self-help with chat (n = 114) vs. waiting list (n = 89) Quantity of use−1.46−0.47−1.25--0.33−1.68−0.44−1.14--0.29 Frequency of use−0.94−0.13−0.90--0.65−6.690.046−0.74−1.43--0.00 SDS−0.81−0.31−0.92--0.30−1.47−0.46−1.17--0.28 MHI-5--------12.030.69−0.06--1.39 Alcohol use days, last 30 days−3.36−0.37−1.05--0.33−6.04−1.00−2.04--0.18 Alcohol use days, last 30 days (risky)−7.180.005−1.06−1.81--−0.24−2.83−0.73−1.84--0.49Self-help without chat (n = 114) vs. waiting list (n = 89) Quantity of use−0.44−0.18−1.03--0.680.550.16−0.58--0.88 Frequency of use2.250.28−0.58--1.12−5.35−0.64−1.34--0.10 SDS−0.88−0.36−1.01--0.31−0.75−0.22−0.92--0.50 MHI-5--------−1.38−0.07−0.76--0.63 Alcohol use days, last 30 days−8.060.01−0.85−1.58--−0.08−5.17−0.96−2.01--0.21 Alcohol use days, last 30 days (risky)−5.980.02−1.09−1.86--−0.26−3.07−0.74−1.81--0.44Self-help with and without chat combined (*n* = 222) vs. waiting list (n = 89) Quantity of use−3.60−0.74−1.48--0.02−0.64−0.18−0.80--0.44 Frequency of use0.240.04−0.70--0.77−6.040.02−0.73−1.34--−0.10 SDS−0.84−0.33−0.88--0.23−0.61−0.17−0.78--0.45 MHI-5--------5.110.25−0.36--0.85 Alcohol use days, last 30 days−5.410.04−0.62−1.25--0.03−5.60−0.96−1.90--0.05 Alcohol use days, last 30 days (risky ^d^)−6.600.004−1.04−1.71--−0.33−2.96−0.82−1.78--0.21[^8][^9]

3.5. Secondary outcomes {#s0125}
-----------------------

Significant changes over time were observed for all secondary outcomes for different study arms based on CCA ([Table 4](#t0020){ref-type="table"}). Participants who received intervention 1 (self-help and chat) scored lower on the severity on dependence scale (SDS) (*P* \< 0.001), reported higher mental health (MHI) (*P* = 0.03), and decreased both their overall (*P* \< 0.001) and risky alcohol use (*P* \< 0.001). Participants who received intervention 2 (self-help without chat) also decreased in their dependency scores (*P* \< 0.001), and both overall (*P =* 0.003) and risky alcohol use (*P* = 0.04), but did not exhibit any improvement in their mental health. Contrary to participants receiving either intervention, waiting list controls showed a significant improvement only in overall alcohol use (*P* = 0.048), and not in the severity of dependence, their mental health, or risky alcohol use ([Table 4](#t0020){ref-type="table"}). Significant differences between the three study arms were detected in the frequency of cocaine use, as well as in alcohol use patterns in the CCA at follow-up. At 6-month follow-up, participants who received intervention 1 reduced their frequency of cocaine use more than controls (Cohens\' d (*d*) = −0.74, CI: −1.43;0.00, *P* = 0.046). Also, relative to waiting list controls, greater reductions were detected in days of risky alcohol use over the past 30 days in both Intervention Group 1 (*d* = −1.06, confidence interval (CI): −1.81; −0.24, *P* = 0.005) and Intervention Group 2 participants (*d* = −1.09, CI: −1.86; −0.26, *P* = 0.02) at 6-week follow-up. Participants in Intervention Group 2 also exhibited greater reductions in overall alcohol use over the last 30 days than both participants in Intervention Group 1 (*d* = 0.66, CI: 0.00;1.30, *P* = 0.047) and controls (*d* = −0.85, CI: −1.58; −0.08, *P* = 0.01) at 6-week follow-up. Lastly, significant differences were detected between the two intervention groups combined and controls in the frequency of cocaine use at 6-month follow-up and overall alcohol use and risky alcohol use at 6-week follow-up. Participants who received the intervention reported 1) less frequent cocaine use (*d* = −6.04, CI: −1.34;-0.10, *P* = 0.02), 2) less overall alcohol use (*d* = −5.41, CI: −1.25; 0.03, *P* = 0.04), and 3) less risky alcohol use (*d* = −6.60, CI: −1.71; −0.33, *P* = 0.004) ([Table 5](#t0025){ref-type="table"}).

3.6. Safety {#s0130}
-----------

Over the course of the entire study, only three of 308 (1.6%) participants contacted one of the outpatient addiction clinics from the Arud Centers for Addiction Medicine. None had to be treated as an emergency case; one wished to be referred for inpatient cessation treatment. Moreover, none of the involved therapists, psychiatrists or researchers became aware of any adverse or serious adverse events related to the Snow Control 2.0 study, as reported by other addiction counseling services.

4. Discussion {#s0135}
=============

4.1. Principal findings {#s0140}
-----------------------

For the present study, we recruited a considerable number of cocaine misusers and cocaine users with early cocaine dependence, as well as high levels of comorbidity from risky drinking, depression symptoms, and ADHD, who otherwise were not yet in treatment for a theory-based and pretested internet intervention. Significant decreases in cocaine use were observed for all study arms. However, the frequency of cocaine use decreased only in the two active intervention groups. Moreover, while participants receiving self-help plus chat reported similar improvements to the self-help only group in the severity of their cocaine dependence, and their overall and risky alcohol use, improvements in mental health were observed exclusively in the self-help plus chat group. Meanwhile, waiting list controls exhibited improvement solely in overall alcohol use, and in none of the other secondary outcomes (severity of dependence, mental health, risky alcohol use).

Although the within-study group comparisons indicate superiority of the two active conditions over the control condition, we cannot appropriately answer questions regarding their superiority reducing weekly quantity of cocaine use in grams (main outcome) or for some of the secondary outcomes, because a very high dropout rate compromised the statistical power of the study. Moreover, the large quantity of missing data and inherent bias secondary to losses to follow-up rendered any meaningful data imputation process virtually impossible.

Accessing participants for follow-up assessments was very difficult, resulting in very low follow-up rates, between 13 and 18%, including some active follow-up refusals (6% overall). In similarly-designed studies, we achieved much higher follow-up rates of 38% among cannabis misusers ([@bb0175]; [@bb0185]) and 61--62% follow-up rates in alcohol misusers ([@bb0025]; [@bb0190]), with almost no active study-participation refusals. While cannabis use is punished by fine in Switzerland, narcotics laws dictate that possession of cocaine use results in penalization and criminalization. For some participants, their cocaine use reported in the diary even reached quantities, in later weeks that would no longer count as possession, but as cocaine dealing, such that they might have increasingly feared prosecution. This could explain why we initially reached many cocaine misusers, but many of them dropped out later and were difficult to reach for follow-up assessments. The perceived increased risk of serious criminalization, in combination with comparatively-high mistrust levels in cocaine misusers ([@bb0210]), might have increased the drop-out rates; for example, cocaine users typically know that the police intercept mobile phones on spec and many initially provided their mobile phone number for follow-up assessments in case they could not be reached by e-Mail. A further explanation might be the frequently-observed comorbidity with ADHD (34.4% screen positive) that might have increased intervention dropouts and decreased reliability with follow-up appointments ([@bb0205]). However, we assume that there might be other unknown, but important reasons that need to be identified. A detailed content analysis of the chat sessions might have provided additional insights into the dropout problems and difficulties with follow-up, but would have gone beyond the scope of the present study. As for the chat rates, they were -- contrary to the dropout and follow-up problems -- superior (32%) to those we observed in our very similarly-designed study involving cannabis misusers (21% ([@bb0175]; [@bb0185])). Ultimately, we must admit that it was very difficult for us to entice cocaine misusers into guided self-help who were from the general population and not otherwise in treatment for their cocaine problem.

This is particularly unfortunate, since we registered almost daily, new cocaine users from our target group without any recruitment efforts when we finished our study and made our intervention available as an unguided self-help intervention not requiring study participation. This registration tendency continued, at a somewhat lower level, but still at a much higher rate than during the active study recruitment period, for the next 12 months after recruitment was terminated. Thus, the need for an intervention like Snow Control is continuous. This raises the ethical question: is it ethical to continue providing Snow Control after only demonstrating within-group differences? We hold that, as long as the treatment gap for cocaine misusers exists and there are no more attractive and effective online or offline alternatives, Snow Control should remain online.

Limitations of the current study that merit consideration can be summarized as follows: First, we did not succeed at attaining the higher participation rates or more complete follow-up initially intended with the study protocol. Second, we did not reach our target sample size and, thus, the study is underpowered. Third, we did not validate cocaine use, since we did not want to limit study participation to those willing to provide, for example, urine or hair samples, and did not want to restrict the study\'s external validity.

4.2. Implications for future studies {#s0145}
------------------------------------

Given our experience with the current study, alternative ways need to be developed to assess the treatment of cocaine misusers, and we believe that our experience should be considered a starting point. A qualitative study is warranted to investigate why so many participants dropped out of our intervention groups and why, beyond the reason described earlier regarding fear of prosecution, it was so hard to reach participants for follow-up assessments. Although we had experience in a previous study involving cocaine misusers ([@bb0170]), and developing the intervention involved piloting with individuals from the target population ([@bb0180]), we did not expect these problems to be of this magnitude. Moreover, these problems were less pronounced during the first couple of years of the study and became more explicit during the last year of recruitment, with no obvious reason for this trend.

Some authors suggest employing a more user-centered design and individualization in programs for addicts to improve their commitment and adherence ([@bb0075]; [@bb0010]). In this way, a similar program could permit participants to choose their favorite counselor within a team introduced online, and their preferred mode of communication (chat vs. mailing system vs. additional phone calls, etc.). The introduction of serious gaming and persuasive technology could further augment results ([@bb0075]), but these have not been tested for internet interventions targeting cocaine users, to date.

Additionally, more effective data collection approaches are needed for future similar studies to reduce the rate of participant dropout. We recommend linking follow-up assessments (data collection) with therapeutic content that might be perceived as meaningful and useful by participants (e.g., a pre-announced booster module that aims to preserve long-term success).

Replicating the study in a different setting -- e.g., in a country like Portugal, where the possession of small amounts of cocaine is not criminalized or penalized -- should also be considered. This might help to prevent some cocaine users with high levels of mistrust in authority, as well as those whose cocaine use approaches the quantities associated with dealing in other countries, from dropping out. Similarly, replication in countries like the U.S., where contingency management is widely accepted and could be combined with online CBT, could be worthwhile and might increase intervention adherence.

5. Conclusions {#s0150}
==============

Many cocaine misusers from the general population and not otherwise in treatment were reached utilizing a CBT-based online intervention and reduced their cocaine use. However, due to the high percentage of dropouts and serious difficulties reaching them for follow-up assessments, no conclusions can be drawn regarding inter-group study arm differences.
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[^1]: 1\) 7-day point estimates of the quantity, in grams, and frequency of cocaine use were derived from the consumption diary, assessed daily utilizing data from the preceding seven days.

[^2]: 2\) This instrument only was applied to Intervention Group 1 (self-help plus chat therapy).

[^3]: 3\) 'Mandatory' means the user could not proceed without giving complete answers.

[^4]: ^a^Severity of Dependence Scale (SDS) scores range from 0 to 15, with a screening cut-off of ≥3 for cocaine dependence. ^b^ Risky alcohol use was defined as five or more standard drinks per day. A standard drink was defined as 5 cl spirits, 15--20 cl wine, or 22--45 cl beer. ^c^Mental Health Inventory (MHI-5): higher values represent improved symptoms. MHI-5 values range from 0 to 100 with a cut-off of \<70 for clinically-relevant symptoms. ^d^ ADHD according to the World Health Organization Adult ADHD Self-Report Scale (ASRS) designed for ADHD screening in the general population.

[^5]: *Note.* Generalized Estimating Equation (GEE) models per study arm for each primary and secondary outcome with time as predictor.

[^6]: Severity of Dependence Scale (SDS) scores range from 0 to 15 with a screening cut-off of ≥3 for cocaine dependence.

[^7]: Mental Health Inventory (MHI-5): higher values represent improved symptoms. MHI-5 values range from 0 to 100 with a cut-off of \<70 for clinically-relevant symptoms. ^c^ Risky alcohol use was defined as five or more standard drinks per day.

[^8]: Note. Linear regression models with differences between baseline and follow-up as outcome and study arms as predictors.

[^9]: ^a^Negative values indicate greater symptom reduction in the first group or groups relative to the second group, ^b^ = controlling for pre-treatment scores (T1), ^c^ = Cohen\'s *d,*^d^ Risky alcohol use was defined as five or more standard drinks per day.
